A remarkable gap in seismic activity exists between depths of about 300 and 600 km beneath the New Hebrides island arc. A detailed study of travel time residuals of P and X waves from deep earthquakes supports the idea that the deep earthquakes located at the northeast of the arc represent a det.ached piece of lithosphere. All except three of the deep earthquakes are located in a nearly horizontal zone between latitudes 12"s and 15"s. The earthquakes were relocated by using travel times l o distant stations and excluding travel times to local and regional stations. Travel times for P waves from the deep earthquakes that travel through the dipping New Hebrides seismic zone are about 3 sec lem than those for waves that travel through the probably normal mantle beneath New Caledonia. A threedimensional seismic ray tracing program is used to compute P travel times for a velocity model beneath the New Hebrides arc. The model includes a 6% higher velocity relative to a, normal mantle inside a dipping lithospheric slab 300 km deep, a 6% higher velocity inside a detached slab at a depth of 600 km, and a 4% lower velocity in the wedge of mantIe above the inclined seisinic zone. The computed travel times for this model explain the observed travel time residuals along the New Hebrides arc.
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An outstanding feature of the distribution of mantle earthquakes in the New Hebrides region is the lack of activity between depths of about 300 and 600 km. The deep earthquakes are concentrated in an area northeast of the arc (Figures 1 and 2) . Only three deep earthquakes are located outside this area (earthquakes 38, 39, and 40 in Table 1 ). Deep earthquakes occur relatively infrequently : only about 40 earthquakes were detected during the past 12 years. Beneath the island arc the inclined seismic zone appears as a plane dipping at about 30" at shallow depths and about 70" at intermediate depths. The deep events are distributed in a nearly horizontal plane with perhaps a slight dip westward of 10". Iscceks and Malnur [1971] seismic zone before reaching PVC and LUG, residuals relative to the stations in New Calewhereas the ray paths to the New Caledonia donia and thereby reduce the errors in travel stations miss the seismic zone and therefore time tables, hypocentral depths, and origin probably miss the large velocity anomalies asso-times. Evidence for a relatively normal mantle ciated with the descending slab. It is thus rea-beneath New Caledonia is also indicated by the sonable to determine the P and X travel time similarity of P travel time residuals of the 1961 Aug. 28, 1961 May 11, 1962 Dec. 3, 1962 Jan. 13, 1963 Feb. 8 , 1963 Mar. 14, 1964 Jun. 26, 1964 Jun. 30, 1964 Sep. 17, 1964 Jan. 21, 1965 Jan. 25, 1965 Jan. 30, 1965 Jan. 30, 1965 Feb. 3, 1965 Apr. 10, 1965 Apr. 19, 1965 Jun. 29, 1965 Dec. 13, 1965 Apr. 24, 1966 Jun. 4, 1966 Feb. 14, 1967 Mar. 16, 1967 May 1 2 , 1967 Aug. 25, 1967 Jan. 8, 1927 Jan. 8 , 1968 Feb. 17, 1968 Nov. 4, 1968 Nov. 4, 1968 Jan. 2, 1969 May 30, 1969 Oct. 15, 1969 Jan. 1 2 , 1970 Mar. 1, 1970 Mar. 2, 1970 Apr. 22, 1972 Oct. 1, 1965 Jan. 28, 1966 Nov. 18, 1970 [Jacob, 19701 is used to construct, a rival times were taken from the Earthquakes quantitative strqctural model for the New Heb-Data Reports and the Bulletins of the Interrides island arc that includes a, downgoing national Seismological Centre. The origin times lithosphere of high velocity, a low-iyelocity and lowtioils used as the initial input for the wedge of mantle above the inclined seismic relocation program were taken from the same zone, and a detached piece of lithosphcre (zone of the deep earthquakes). The thickness of the, Mitronovas and Isacks [1971] for their study of the Tonga arc. The computer solutions are based on distant stations only ( A > 30") ; tlie epicenters are determined by travel times along downgoing rays through the relatively homogeneous lower mantle to distant stations and are therefore relatively accurate. The anomalous local and regional stations were deleted manually before relocating any,event. Most of the pP data come from the United States stations to the northeast at a distance of about 85" to 95" from the epicenters. The upgoing part of these rays reflects from the earth's surface northeast of the deep seismic zone in a relatively normal mantIe; their travel times are therefore not affected by the anomalous upper mantle beneath the New Hebrides arc, and hypocentral depths are relatively accurate. The results are presented in Table 1 . (For a detailed description of the above relocation method see Mitronovas and Isacks [ 19713 .) P AND S TRAVEL TIME ANOMALIES FROM DEEP EARTHQUAKES with those of NOU in New Caledonia for each eventt before averaging. Secondly, the effect of the paths' not being perpendicular to the arc can be investigated by separating the residuals in groups according to the source-to-station azimuths. Table 3 presents the residuals from the stations PJ7C, LUG, and LNR taken relative to NOU. The standard deviation decreases appreciably for these residuals. We have also rompared the P and S residuals relative to PVC (see Table 3 ). The results of LUG-PVC and I LMP-PVC are small relative t.0 those of LNR-PVC, probably because t,he rhy paths t.0 LUG and LXlP we more similar t.0 those to PYC than to those to LNR (see Figure 1 ). [1971] found t.hat P tra.ve1 times of the Tonga deep events are about 5 sec less-at Tonga stations relative t,o travel times a t Fiji stations. They esplained the approsimately 6% higher ve1ocit.y paths to Tonga by the presence of a cool litliospheric slab that descends beneath the Tonga arc along the dipping seismic zone. The comparison of the magnitude of the velocity anomalies in Tonga and New Hebrides arcs suggests that the gap in seismic activity between depths of 300 and 600 km beneath the New Hebrides arc corresponds also to a gap in the descending lithospheric plate. This conclusion is also supported by evidence from seismic wave att,enuation that. the descending slab beneath the New Hebrides is not continuous between depths of 300 and 600 km [Barmangi et al., 19733 . Table 5 shows that P residuals are close to normal at. regional stations from the New Hebrides deep earthquakes. The negative residual of 1.4 sec at WEL may be due to the slab's descending beneath New Zealand.
VELOCITY MODELS FOR THE NEW HQBRIDES ARC
Jacob's [l970] method of three-dimensional ray tracing allows us to comput,e P residuals for several models and compare them with tlie observed residuals. In the models we adopt the hypothesis of a dipping lithospheric slab associat,ed with the seismic zone beneat.h the New Hebrides arc, and we assume. tha.t. no slab is present in the gap in seismicity betv-een 300 and 600 km. Hebrides island arc consists of an inclined lithospheric slab of high-velocity material that reaches a depth of 300 km, a wedge of lowvelocity material above the dipping slab, and a detached, horizontal piece of lithosphere a t a Group i. ,4n fissumed hypocenter is located at 13.OoS, 169.5"E at a depth of 850 km. Two directions of propagation are considered : an azimuth of 220" to LUG and an azimuth of 200" that passes between the stations LNR, LMP, and PVC.
Group 2. An assumed hypocenter is located at 13.8"S, 170.9"E at s depth of 630 lrm with two directions of propagation (azimuths of 245" and 220').
Group 3. An assumed hypocenter is located at, 14.4"s, 171.9"E at a depth of 630 km with two directions of propagation (azimuths of 240" and 260").
Group 4. An assumed hypocenter is located at 13.8"s, 173.0"E at R depth of 830 km with a + b, horizontal thickness o f dipping p l a t e perpendicu l a r t o island arc; D width of low-velocity wedge a t the e a r t h ' s surface perpe%icular t o island arc: d,.depth of low-velocity wedge; 6 9~~. P velocity deviation i n percentage i n t h e slah from t a b l e s of Herrin e t a l . l i n the s l a b and i n t h e detached part of the slab) ; &SAC, ? velocity deviation i n percentage in the low-velocity wedge from t a h l e s of Herrin e t a l . two directions of propagation (azimuths of 240" and 255'). Figure 3 shows the corresponding frsvel time curves, calculated by using the ray tracing program for the assumed hypocenter of group 1. For a 200" azimuth it is clear that there is no influence of the !.jigh-velocity dipping slab at. epicenf ral distances less than sbout 4". The ray paths penetrate the high-velocity slab at a depth of 250 kin and emerge at PVC with an angle of incidence of about. 18". This explains the size of the P travel time residual obtained at PVC relative to NOU for this group (Table  4 ). In the case of LUG, the direction of propsgation is nearly perpendicular to the boundaries of the slab (azimuth of 220"). The ray paths penetrate the high-velocity slab at a depth of sbout 200 km and emerge at LUG nrith an 
.

4'
5. 6' DISTANCE Fig. 3 angle of inciden'ce of about 20". The computations showed tthat a velocity inside the dipping slab and inside the deep detached slab that is 6% higher than normal provides a suitable residual pattern t.hatt best. esplains our observations (model NEH 005 in Table 6 ). The data, of course, do not. permit, a unique solution, and ve1ocit.y models different from those considered in Table 6 could possibly explain our observations. However, we think that. model NEH 005 is t.he simplest model t.hat not. only explains the observed velocity anomalies but, also is supported by the at.tenuat.ion struct.ure beneat,h the New Hebrides arc [Barazangi et al., 19731. 
CONCLUSIONS
The travel time residua,ls for the New Hebrides stations produced by the nearby deep earthquakes suggest, t,hat. the gap in seismic activity between depths of 300 a.nd 600 km beneath the New Hebrides arc corresponds to a similar gap in the descending 1it.hospheric slab. This conclusion is based OD the observation t.hat. travel t.imes of P waves from the deep earthquakes traveling t,hrough or just beneath the dipping New Hebrides seismic zone are about 3 sec less than t.ravel times of P waves that travel through the aseismic and relatively normal mant,le beneath t.he New Caledonia island to the west of the New Hebrides arc. A similar st,udy in the Tonga island arc, where the dipping seismic zone, is continuous t o a dept.h of a,bout 650 km, revealed a 5-sec difference in t3he travel times of P waves recorded at Tonga relative t,o t.hose recorded at Fiji [illitronovas and Isacks, 19711 . The above conclusion is also supported by evidence from seismic wave attenuat,ion [Barmangi et al., 19731. A velocit,y model for the upper mantle beneath the New Hebrides arc with 6% higher velocity descending slab associated with the intermediate-dept#h earthquake zone, a 6% higher velocity det,ached piece of Mhosphere at, a. 600-km depth, ' and a 4% lower velocity wedge above t.he inclined seismic zone explains the P residuals patt,ern observed along t,he New Hebrides arc.
The horizont.al estNent of the New Hebrides deep eart,hquakes suggests that. the detached slab descending into the upper mantle is unable to penetrate the presumably worldwide boundary at a depth of about 650 km. Thus the lower boundary of the asthenosphere may extend to n 650-km depth in the New Hebrides region.
